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Huceprarniitna po0OoTa NTPUCBSIYEHA CHUHTE3Y TBEPAOTUIBHUX OINTHUYHO
AKTUBHUX KOMITIO3UTIB HUIIXOM TpaHc(hepy HAHOKPUCTAJIIB HAIIBIPOBITHUKIB Y
TBEPAOTUIbHI MaTpuil. Y poOOTI AOCHIIKEHO 3aKOHOMIPHOCTI 3MiH (i3UKO-
XIMIYHUX BJIACTUBOCTEW HAHOYACTHMHOK MPH BIPOBA/DKEHHI iX y MaTpuUIll HOHHUX
coJiei Ta MOJIEKYJISIpHI MaTpHIll, 31HCHEHO KOMIUIEKCHY OLIHKY MEpPCHEKTHB X
BUKOPHUCTAHHSA SIK JIOMIHO(OPIB, TEPMOUYYTIMBUX MaTEpialiB y ONTOEIEKTPOHHHUX
npwiagax. Y  BCTYII BHCBITJIBHO aKTyallbHICTb TEMHU JIUCEPTAIIAHOTO
JOCIIIJIKEHHS, OKpPECJIEHO ii 3B’S30K 13 HAYKOBUMHU MpPOrpaMaMH Ta IJIAaHAMHU.
ChopmynboBaHO METy Ta 3aBlaHHS JOCHIKEHHS, a TaKOX PO3KPUTO HOro
HAyKOBY Ta NPAKTUYHY 3HAUyIIiCTh. [IpeicTaBieHO BiIOMOCTI Mpo MyOJiKalii,
anmpoOailito OTpUMaHUX PEe3yJbTaTiB Ta OCOOMCTUN BHECOK 3/700yBaya, a TaKoX,
OIMKMCAHO CTPYKTYPY U 00CsT qucepTariii.

VY nepmomy po3fiial MPOBEACHO OIVISIA HAYKOBHX POOIT, IO CTOCYHOTHCS
EKCIIEPUMEHTAJIbHUX 1 TEOPETUYHUX JOCHIIKEeHb TeMmHu auceprauii. [leprimii
po3Ain AmcepTalii TPHUCBAYEHO aHali3y METOIB CHHTE3y Ta BJIACTUBOCTEU
HAHOYACTUHOK, iXHIX IMepeBar, HeJOJIKIB Ta BIUIMB YMOB CHHTE3y Ha iX po3Mip,
Mopdororiro ¥ crabimpHicTh. (OcobmuMBa yBara MpUIITICHA  ONTUYHUM
BJIACTUBOCTSIM KBAaHTOBUX TOYOK, iXHIN 3aJIEKHOCTI BT CTEX10METPii, CTPYKTYpH 1
TeMmneparypu. Y poOOTi MIAKPECICHO, 0 YHIKAJIbHI BIACTUBOCTI HAHOYACTHHOK
(HY), Taki sik KBaHTOBO-PO3MIpHUI €(PEKT, 3aJIeKHICTh ONTUYHUX BIACTUBOCTEH

BIJl PO3MIpIB 1 CKJIaay, € OCHOBOIO JJIsSl iX BHUKOPHUCTAHHS B 0araTboxX Tally3fXx,



BKJIIOYAIOYU E€JIEKTPOHIKY Ta ONTOEJEKTPOHIKY 1, HaBiTh, MEAULUHY. Y DPO3IALIL
aHanizytoTbea pisHi rpynu HY, Bxmrouaroun Oinaphi xanpkoreHiau (CdS, ZnS,
PbSe) ta motpiiini HamiBnpoBigHukd THNy [-lI-VI (AgInS:, CulnS.).
OOTOBOPIOETHCS IXHS CTPYKTypa, €HEepreThyHi piBHI Ta (POTOCTAOUIBHICTH, a
TaKOX MOKJIMBICTh PETYJIIOBAHHS IIUPUHU 3a00pOHEHO] 30HH HUISIXOM KOHTPOJIIO
po3Mipy yacTUHOK. Okpemo posrisHyta arperaimiss HYU Ta craOuibHICTH iXHIX
BJIACTMBOCTEH y pi3HUX cepeaoBuiax. HaBemeno metoau ix crabimizaiii, 30kpema
BUKOPUCTAHHSA  JITaH/IB, T[OBEPXHEBO-AKTUBHUX PEUOBMH Ta  MaTpHIIb.
BcTanoBneHo BIUIMB TeMIepaTypu Ha CTaOUIBHICTD JIOMIHECIHCHIIT Ta MEXaHI13MU
TEPMIYHOTO raciHHs. Po3risHyTO ciocoOu BrpoBapkeHHS KBaHTOBUX Touok (KT)
y HWOHHI Ta MOJEKYJISIpHI MaTpHIli, sIKi 3a0€3MeUy0Th 3aXUCT HAHOYACTUHOK Ta
MOKpaIlleHHs iX (PoTocTaduIbHOCTI. J[OCHIIKEHO MEXaHI3MH TEPMIYHOTO TaCiHHS
JIIOMIHECIICHIIIT Ta 0COOJIMBOCTI PEKOMOIHAIIT HOCIIB 3apsy.

3HauHy yBary MPUAUICHO EKOJIOTIYHHM acleKTaM, BKJIIOYAlOYd 3aMiHy
TokcuYHUX KOMIOHEHTIB (Cd, Pb) Ha Oinpin Oe3mnedHi adbTEpHATUBH, Taki SIK
AgInS: Ta CulnS.. TlokazaHo, 1o Taki MaTepiaJidi BOJOJIIOTH BHUCOKOIO
CTaOUIbHICTIO Ta BEIMKUM KOE(QILIEHTOM MOTJIMHAHHS, BIJIKPUBAIOYM TUM CaMUM
HOBI TIEPCTIEKTUBH JIJIsl X MaCOBOT'O 3aCTOCYBaHHS.

VY apyromy po3aiii JOCTIIKEHHS PO3IIISTHYTO METOAUKHU T1POTEPMaILHOTO
METOAy CHHTe3y kBaHTOBHX Todok AgInS, (AlS), AgInS, nerosanux Zn®* (AZIS)
Ta iX cradimizarmii. ¥ poOoTi JeTaabHO ONMMCAHO THKAICYJISIII0 KBAHTOBUX TOUYOK Y
kpuctanu HoHHuX comeir CaCO; ta BaSO, MeTomoM CImiBOCAKEHHS.
bararonrapoBi ruriBku HaHOYacTUHOK AQINS, BUTOTOBIISIN METOOM ITOIIAPOBOTO
OCaJKCHHS, SIKUW TaKOX OMHCAHWN y JaHOMY po3aiuti. OnMcaHo 1HCTPYMEHTabHI
METOJIM aHalli3y, sIKi BUKOPUCTOBYBAIMCS JUISI XapaKTEPUCTUKU 3pa3KiB, a came:
CHEKTPOCKOIIS MOTIMHAHHS Ta (POTOTIOMIHECHEHIII1, TOJIbOBO-EMICIHA CKaHyloua
enmektponHa  Mikpockomis  (FESEM),  eneprogucmepciiiHa  peHTreHIBChbKa
cunektpockomis  (EDX), CIEKTPOCKOIiS  KOMOIHAIIMHOTO  PO3CiIOBaHHS,

pentreniBcbka audpakiis (XRD), mominecnientHa crnekrpometpis (SDL). Ili



METOJU JO3BOJWIM JOCIITUTH KPHUCTAIIUHY CTPYKTYpPY, PO3MIp Ta CHEKTpasibHI
BJIACTUBOCTI HAHOYACTUHOK KOMITO3HTIB.

Y TperboMy poO3aUI JOCHIIKEHO (DOTOITIOMIHECIIEHTHI Ta aOcopOIiiH1
BIACTHBOCTI KBaHTOBHX TOuoK AgInS: (AIS) Ta AgInS: merosanux Zn”* (AZIS).
Busuero srums crisBigsomenns [Ag']:[In*] Ha cnexrpanbhi xapaxrepucruky,
30KpeMa Ha IIMPUHY 3a00pPOHEHOI 30HU Ta TIMCOXPOMHI 4Yd OATOXPOMHI 3CYBH.
3MeHIlIeHHS IHTeHCUBHOCTI ()OTOIOMIHECIICHIIIT TPU3BOAUTH JI0 3HIKEHHS €HEeprii
aKTUBaIlll TMpoIecy OEe3BUNMPOMIHIOBAIBHOI penakcaiii. Jias 4YeTBepTUHHUX
KBAaHTOBUX TO4YOK AZIS BunpomMiHioBaHHs (OTOITIOMIHECIHEHIII, 3yMOBJICHE
pPEKOMOIHAIIMHUMH TPOLECAaMU, SIKI BKIIOYAIOTh MEPEeX1] 13 KBAHTOBAHOI 30HU
MPOBIIHOCTI JI0 JIOKAJTI30BaHUX BHYTPIITHRO30HHUX CTaHIB. PO3MIISIHYTO BILIUB
Matpuilb BaSO4 1 CaCOs Ha onTHYHI BIACTUBOCTI KBaHTOBUX TouoK AIS Ta AZIS.
BcranoBneHo, 110 TpH 1HKANCYJSIii KBAHTOBUX TOYOK y MaTpHUIll XapaKTepHUMN
3CYyB y CHHIO 00JIACTh JOBXHH XBWJIb, 110 CBIJYUTH MPO 3MIHY EHEPreTUYHHX
napameTpiB cucreMd. CHpUSTH TINCOXPOMHOMY 3CyBYy Oyne BIANOBIIHE
3MEHIICHHS] TJIMOWHM TOTEHIIMHUX SIM IS €JEKTPOHA Ta JIPKU 3a pPaxyHOK
CeHepreTUYHOTO 3CYBY MICII MEPEHECEHHS KBAHTOBUX TOYOK 3 BOAM HA MaTPHUIl
CaCOj3; Ta BaSO,. Pons MaTpuils nossirae Takox y mokpamieHHi oTocTabiIbHOCTI
KBaHTOBHUX TOYOK Ta iX 3axucTi. KOMITO3UTU IEMOHCTPYIOTh TOMOT€HHUM PO3ITO/LI
KBAaHTOBMX TOYOK 1 CTaOlJIbHI ONTHUYHI BJIACTUBOCTI, MIATBEPKYIOUU IXHIO
MPUAATHICTH JJISI TPAKTUYHOTO 3acTOCyBaHHSA. MopdoJiorito Ta CKjiaa KOMIIO3UTIB
JOCIIKEHO 3a JOMOMOTOK  TOJIbOBO-EMICIHHOI ~CKaHyK4Oi €JIEKTPOHHOI
Mmikpockomii (FESEM), eHeproaucnepciiiHoi peHTTe€HIBCbKOI CHEKTPOCKOMIi
(EDX), sixi miaTBEpKYIOTh PIBHOMIPHUN PO3MO/ILT KBAHTOBUX TOYOK Y KpUCTalax
Honnux coset BaSOs 1 CaCOs Ta BiACyTHICTH arperailii. BctaHoBieHoO, 1110
neryBanHs Zn°* mpusBoaUTE 10 YacTKOBOT 3aMinu [Hairo Ha [[MHK, MO BIUIMBAE HA
pO3MIp Ta XIMIYHHI CKJIaJ] YaCTUHOK. Pe3ynbTaTl CieKTpOCKOIii KOMOIHAIIIHOTO
po3citoBanHs komno3uTiB AIS 1 AZIS, inkancynboBanux y matpuii BaSOs 1
CaCOs, moka3zanu, 1o JeryBaHHs Zn*" HpU3BOAHTH 10 MOSIBH HOBHX KOIMBAIBHHX

MOJ Ta 3MIH y CHEKTpax, IO CBIAYUTH MPO YTBOPEHHS CTAOLIBHUX CTPYKTYP



TPETUHHUX Ta YCTBEPTHHHUX KBAHTOBUX TOYOK Y KOMITO3UTax. BcTaHOBIEHO, 110
BIIPOBA/KCHHSI KBAaHTOBHUX TOUOK B MAaTpulll 30epira€ XapakTepHI KOJIMBAJIbHI
Moau AIS, mo miaTBeppKye YCHIIIHY 1HKANCYISIII0 Y KPUCTATu WOHHUX COJIEH.
CrHekTpu TakoX JEMOHCTPYIOTh CTaOlUIbHICTh KBAHTOBUX TOYOK 1 IX MPUAATHICTH
JUIS TIPaKTUYHUX 3aCTOCYBaHb. AHAJI3 PEHTTEHIBCHKUX AUPPAKIIAHUX JTaHUX
MOKa3ye, 110 1HTeHCUBHI MiKU 37e011bIoro HanexaTs MaTpulisiMm BaSO4 ta CaCOs,
a CHTHaJIW BiJ KBaHTOBHX TouoK AIS Ta AZIS 3ammmarotrees cimabkumu. [Ipote
CIIOCTEPIraloThCsl 3MIMIEHHS MIKiB, 1[0 BKa3y€ Ha BIUIUB BKIIOYEHHS KBAaHTOBUX
TOYOK y MaTpuii. Bimouenns Zn>" cipuse 3mini kpructamiguoi crpyktypu AlS i3
TEHJICHIIIEI0 JI0 MEePeXOay BiJ pOMOIYHOI JO IeKcaroHajibHOi. [[Js KOMMO3UTIB
XapaKTepHE eMITaKCiiHE OCaJKEHHs, 10 3a0e3rneuye PIBHOMIPHUNW PO3MOJILIT
KBAaHTOBUX TOYOK Yy wMaTpulsix. Bukopucranns dopmynu [ebas-Illeppepa
MITBEPIUIIO 3MEHILIICHHS PO3MIPiB KPUCTAJITIB, IO CIPHUSE IMIJIBUIICHHIO IXHBOI
cTabUIbHOCTI. BifCyTHICTh TOMIIIOK 1 PIBHOMIPHUIM PO3MOJIT KBAaHTOBUX TOYOK
HNIATBEPKYIOTh €()EKTUBHICTh CHUHTE3Y Ta BIPOBAIKEHHA HAHOYACTHHOK Yy
MaTpHIL.

VY 4derBepTOMY PO3/11 JOCTIIKEHO BIUIMB 1HKAIMCYJIALIT KBAHTOBUX TOYOK
AgInS: (AIS) y #ionni marpuri BaSOs4 ta CaCOs Ha ixHI (POTONMFOMIHECIIEHTHI
(®JI) Ta crpykrypHi BiactuBocTi. AHami3 mpoBoauBcs s AglnS: (AIS) Ta
AgInS: neroBarux Zn>* (AZIS) KOMIIO3WTIB, fIKi ITOKa3ylOTh BiAMIiHHOCTI Y
TIICOXPOMHOMY 3CYBI CIIEKTPIB B 3aJI€KHOCTI BiJI TUIY Ta BMICTY MaTpHIIb.
3'ssicoBa”o, 1o npupoaa martpuili BaSOs um CaCOs MiHIMaIbHO BILJIMBAE Ha
CHEKTpaibHl xapakTepucTUKM KBaHTOBUX To4ok (KT), omgnak 3abe3neuye
CTaOUIbHICTh JIIOMIHECIICHIIII MPU HArpiBaHHI Ta XIMIYHOMY BIUTHBi. OmnucaHo
CTIMKICTh KOMITO3UTIB /10 HAarpiBaHHs Ta pPO3PaXxOBAHO TEMIIEPATYPHY UYTJIUBICTh
HAHOYACTHMHOK KOoMIO3uTiB. AlS inkancynsoBaHi y maTpuiil BaSO4 1eMOHCTpYIOTH
CTaOUIBbHICTh (DOTOJIFOMIHECIIEHITT MPU TMOBTOPHUX IUKJIAX HArpiBaHHS, TOMAl SIK
st koMro3uTiB  Ha ocHoBl  CaCQOs cmocrtepiraigocsi OOBYIJICHHS 4epes
po3kiaganHs moBepxHeBOro Ag>CQOs. JlochipkeHHs B3aeMOfii 3 KHCIOTaMU

nokasano, mo AlS inkancynaroBani B BaSO4 MaroTh BUIIly CTIHKICTB 0 Aerpajaltii,



Hix AIS, mo inkancynsoBani B CaCOs. Kpim TOro, BCTaHOBIICHO, IIIO
dotomominectientiis (DJI) AIS ma ocHoBi BaSO4 mepeBakHO TOXOAMTH 13 siIpa
KT. Kommnosutu AZIS Ha ocHoBi BaSO., MawThb HIXKYY TeMIIEpaTypHY
YyTIUBICTh, HIK aHajorigyHi kommo3uTu AIS. Marpuns BaSO. 3abe3neuye
CTIMKiCTb BUnpomintoBaHHs ®JI 10 MOBTOPHUX IIUKJIIB HAIPIBAaHHS Ta CTIHKICTB J0
aii  kuciaor, y mopiBHsaHHI 3 CaCOs mua AZIS. Take sBuie, WMOBIpPHO,
BimOyBaeThes mif 4dac neryBanHs KT Zn2+, 10 MPU3BOIUTH 0 OCla0IeHHs Zn-
3B’SI3KIB 200 MOSIBH ZNn-BaKaHCIH, K1 10T SK TJIMOOKI MACTKH ISl HOCITB 3apsiy.
Kpim Toro, uepe3 HasBHiCTh [[MHKY HE MOXKHAa BHKIIOYMTH YaCTKOBY IOSIBY Ha
noBepxHi ZnCO3; a0o iX TIIPOKCUIIOXIIHMX, Kl BUKOHYIOTh POJb JOJATKOBOI
3axuUcHO1 o00osioHKU. OTpumaHi wmarepiadu € edEeKTUBHOK albTePHATUBOIO
TpaauliitnuM Mmatepianam Ha ocHoBl KT II-IV Ta MoxyTh OyTH BHUKOpHUCTaHI B
TEXHOJIOT15IX TIEPETBOPEHHS CBITJIA.

Y m’aromy  po3dunl  aHAM3YKOThCA ~ 0COOMMBOCTI  (hopmyBaHHS
OaratomapoBMx IUTIBOK Ha ocHOBI kBaHTOBHMX Touok (KT) AgInS,,
IMMOO1TI30BaHuX Yy nomiananinaumeTtmiamonii xinopua (III1A) ta noniBiHUIOBUN
cnupt ([IBC). BukopucTtaHHs TEXHIKM MOIIAPOBOIO OCAIKEHHSA J03BOJISIE
CTBOPIOBATH CTa0UIbHI Ta BIOPSAKOBAHI IJIIBKH 3 KOHTPOJIHOBAHOKO TOBIIUHOIO 1
BUCOKMMH ONTUYHHUMHU BJIACTHUBOCTSIMH. BHUBUEHO BIUIMB MapaMeTpiB HAaHECEHHS
IUTIBOK Ha CIEKTPaJIbHI XapaKTEPUCTHKU Ta JOBrOBIYHICTH MarepiaiiB. BuBueHo
MEXaHI3MH TaCiHHS JIFOMIHECICHINT y IUIBKAaX Ta iXHIM BIUIMB Ha €(PEKTUBHICTH
nepenadl eHeprii B OaraTomiapoBHX CTPyKTypax. BcTaHoBieHo, 1o yacu
penakcanli MBHUIKUX Ta MOBUIBHUX MPOLECIB CKOpOoUytoThes B mniBkax KT-TTJJA
MOPIBHSHO 3 KOJIOITHUMHU PO3YMHAMU KBAaHTOBHX TOYOK, IO BKa3ye Ha €(hEKTUBHE
MEPEHECEHHSI HOCIIB MiXK dYacTMHKaMd. OINHUCAaHO TEPCIEKTUBH BUKOPHUCTAHHS
OararomrapoBux miiBok AgInS; iMoOLTI30BaHUX Y MOJIBIHIJIOBUIA CITUPT.

IIpakTU4He 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB

[IpakTyHe 3HAYECHHS OTPUMAHUX PE3YJBTATIB IOJIATA€ B TOMY, IO B
pe3ynbTaTi BUKOHAHHS JUCEPTAIlii MU OTPUMAIM TBEPIAOTUIbHI KOMIIO3UTH

HaIIBOPOBIJHUKIB, SIKI € CY4YaCHUMU KOHKYPEHTO3AATHUMHU (PYHKIIOHATHHUMU



MaTepiaJjaMd  JJii  BUTOTOBJCHHS  CBITJIOAIOIB,  CBITJIONEPETBOPIOBAYIB,
CICKTPOHHUX  TPAH3UCTOPIB,  AWCIUICIB, IO  BOJIOAIIOTh  BHCOKHMH
JIOMIHECIICHTHUMHM ~ BJIACTUBOCTSAMU. Marepiaiu  JIEMOHCTPYIOTh CTaOUIbHY
(GOTOTOMIHECIICHITIIO Y IMUPOKOMY TEMIIEpaTypHOMY Aiana3oHi, MO J03BOJSIE iX
3aCTOCOBYBaTH B TMPUCTPOSIX ISl TEPETBOPEHHS €HEprii, Takux sSK COHSYHI
€JIEMEHTH Ta ceHCOpU. Takok OTpUMaHO CTaOUIbHI Marepiaiu JJig arpeCUBHUX
CEpEeIOBHILI, aJKe KOMIO3UTH Ha 0CHOBI BaSOa4, 1eMOHCTPYIOTh BUCOKY CTIMKICTh
JI0 KHCIIOTHUX CEpelIOBUIIl Ta MiABUIIECHOI TeMIlepaTypu, Lo 3abe3medye ix
BUKOPHCTAaHHS B YMOBax €KCTpeMallbHUX cepenoBuil. Hy i, 3Bu4aitHO, HE MEHII
BAKJIMBUM € 1 T€, 10 OTPUMaH1 MaTepiain Ta po3po0eHl METOIUKU MOXYTh OyTH
BUKOPHUCTaHI JIJIi CTBOPEHHSI HOBHUX IMOKOJIIHb €KOJIOTTYHO O€3MEeUYHUX KOMIIO3UTIB,
0 3/aTHI 3aMIHUTH TOKCHYHI MaTepiaJii Ha OCHOBI KaJMII0 Ta CBHHIIIO,
BIJIKpUBAIOYM MO>KIIUBOCTI JJIS ITUPOKOTO 3aCTOCYBAHHS B MEAUIIMHI.

Kirwo4oBi cjioBa: onTHYHI BIACTUBOCTI, CHEPris aKTUBaIlli, HAHOYACTHHKA
(HaHOKpHUCTaN), JOMiHEeCHeHIi ((hOTOIOMIHECIEHIIIS), TTOTJIMHAHHS, KOMITIO3UTH
(HAHOKOMITO3UTH), KBAaHTOBI TOYKH, IUTIBKM, 30Ha MPOBIAHOCTI, KpHUCTaJlyHA
CTpYKTypa,  peHTreHiBcbka  audpakuis  (XRD),  neryBanHs,  Jipka,

HAIBIPOBITHUKH, T1POTEPMATBHUI METOT (CUHTE3).
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The dissertation is devoted to the synthesis of solid-state optically active

composites by transferring semiconductor nanocrystals into solid-state matrices.



The work investigates the regularities of changes in the physicochemical properties
of nanoparticles when they are introduced into the matrix of ionic salts and
molecular matrices and carries out a comprehensive assessment of the prospects
for their use as phosphors and thermosensitive materials in optoelectronic devices.
The introduction highlights the relevance of the dissertation topic, outlines its
connection with scientific programs and plans, defines the research objectives and
tasks, and explains the scientific and practical significance of the obtained results.
Data on publications, testing of results, and the applicant's personal contribution
are provided, and the structure and scope of the dissertation are described.

The first chapter reviews scientific works related to experimental and
theoretical research on the topic of the dissertation. The first chapter of the
dissertation focuses on analyzing the synthesis methods and properties of
nanoparticles, discussing their advantages and disadvantages, as well as examining
the influence of synthesis conditions on the size, morphology, and stability of the
resulting compounds. Special attention is paid to the optical properties of quantum
dots, and their relationship to stoichiometry, structure, and temperature. The work
emphasizes that the unique properties of nanoparticles (NPs), such as the quantum-
size effect, and the dependence of optical properties on size and correspondence,
are the basis for their use in many industries, including electronics and
optoelectronics, and even medicine. The chapter analyzes various groups of NPs,
including binary chalcogenides (CdS, ZnS, PbSe) and ternary semiconductors of
type [-III-VI (AgInS., CulnS:). Their structure, energy levels, and photostability
are discussed, as well as the possibility of regulating the bandgap width by
controlling the particle size. The aggregation of NPs and the stability of their
properties in different environments are separately considered. Methods for their
stabilization are presented, in particular, the use of ligands, surfactants, and
matrices. The effect of temperature on luminescence stability and the mechanisms
of thermal quenching have been established. Methods for introducing QDs
quantum dots into ionic and molecular matrices are considered, which provide

protection for nanoparticles and improve their photostability. Mechanisms of



thermal quenching of luminescence and features of charge carrier recombination
are investigated.

Considerable attention has been paid to environmental aspects, including the
replacement of toxic components (Cd, Pb) with safer alternatives such as AgInS:
and CulnS:. Such materials have been shown to have high stability and high
absorption coefficient, thereby opening up new prospects for their mass
application.

The second chapter of the research considers the hydrothermal method of
synthesis of AgInS, (AIS), AgInS, doped with Zn*" (AZIS) quantum dots, and their
stabilization. The work describes in detail the encapsulation of quantum dots in
crystals of ionic salts CaCO; and BaSO, by the co-deposition method. The layer-
by-layer deposition method, which is also described in this section, produced
multilayer films of AgInS, nanoparticles. The instrumental analysis methods used
to characterize the samples are described, namely: absorption and
photoluminescence spectroscopy, field emission scanning electron microscopy
(FESEM), energy dispersive X-ray spectroscopy (EDX), Raman spectroscopy, X-
ray diffraction analysis (XRD), and luminescence spectrometry (SDL). These
methods allowed us to investigate the crystal structure, size, and spectral properties
of the composite of nanoparticles.

In the third chapter, the photoluminescent and absorption properties of
AglInS: (AIS) and Zn*" doped AgInS: (AZIS) quantum dots were investigated. The
effect of the Ag: In ratio on the spectral characteristics, in particular on the band
gap and hypsochromic or bathochromic shifts, was studied. The decrease in
photoluminescence intensity leads to a reduction of the activation energy of the
non-radiative relaxation process. For quaternary quantum dots, AZIS
photoluminescence emission is caused by recombination processes that include the
transition from the quantum conduction band to localized intraband states. The
effect of BaSO4 and CaCOs matrices on the optical properties of AIS and AZIS
quantum dots was considered. It was established that when quantum dots are

encapsulated in a matrix, a shift to the blue wavelength region is characteristic,



which indicates a change in the energy parameters of the system. The
hypsochromic shift will be promoted by a corresponding decrease in the depth of
the visible wells for the electron and hole due to the energy shift after transferring
the quantum current from water to the matrices and CaCO; and BaSQO,. The role of
matrices is also to improve the photostability and protection of quantum dots. The
composites demonstrate a homogeneous distribution of quantum dots and stable
optical properties, confirming their suitability for practical application. The
morphology and composition of the composites were investigated using field
emission scanning electron microscopy (FESEM) and energy dispersive X-ray
spectroscopy (EDX), which confirms the uniform distribution of quantum dots in
the crystals of ionic salts BaSO4 and CaCOs and the absence of aggregation. It was
found that doping with Zn>* leads to a partial replacement of Indium by Zinc,
which affects the size and chemical composition of the particles. The results of
Raman scattering of AIS and AZIS quantum dots encapsulated in a BaSO. and
CaCO; matrix showed that doping with Zn®>" leads to the appearance of new
vibrational modes and changes in the spectra, which indicates the formation of
stable tertiary and quaternary quantum structures. It was found that the
introduction of quantum dots into the matrix preserves the characteristic
vibrational modes of AIS, which confirms the successful encapsulation of quantum
dots into ionic crystals of salts. The spectra also demonstrate the stability of
quantum dots and their suitability for practical applications. Analysis of X-ray
diffraction data shows that the intense peaks mostly belong to the BaSO. and
CaCOs matrices, while the signals from AIS and AZIS quantum dots remain weak.
However, peak shifts are observed, indicating the influence of the inclusion of
quantum dots in the matrix. The inclusion of Zn*" contributes to a change in the
crystal structure of AIS with a tendency to transition from rhombic to hexagonal.
Composites are characterized by epitaxial deposition, which ensures a uniform
distribution of quantum dots in the matrices. The use of the Debye Scherrer
equation confirmed the reduction in the size of the crystallites, which contributes to

their increased stability. The absence of impurities and the uniform distribution of



quantum dots confirm the efficiency of the synthesis and implementation of
nanoparticles into the matrices.

In the fourth chapter, the effect of encapsulation of AglnS: quantum dots
(AIS) in the ionic matrices on their photoluminescent (PL) and structural properties
was investigated. The analysis was performed for AgInS. (AIS) and AgInS. doped
with Zn** (AZIS) composites, which show differences in the hypsochromic shift of
the spectra depending on the type and content of the matrices. It was found that the
nature of the BaSO4 or CaCOs matrix minimally affects the spectral characteristics
of quantum dots (QDs) but ensures the stability of luminescence upon heating and
chemical exposure. The durability of the composites to heating is described and the
temperature sensitivity of the composite nanoparticles is calculated. AIS
encapsulated in the BaSO4 matrix demonstrates photoluminescence stability upon
repeated heating cycles, while for the CaCOs-based composites, charring was
observed due to the decomposition of the surface Ag>CQOs. Acid interaction studies
have shown that AIS encapsulated in BaSOa4 has a higher resistance to degradation
than AIS encapsulated in CaCOs. In addition, it has been found that the PL of AIS
based on BaSO. mainly originates from the core of the QD. AZIS composites
based on BaSOs4 have lower temperature sensitivity than similar AIS composites.
The BaSO4 matrix provides stability of PL emission to repeated heating cycles and
resistance to acids, compared to CaCOs for AZIS. This phenomenon probably
occurs during the doping of QDs with Zn®", which leads to the weakening of Zn
bonds or the appearance of Zn vacancies, which act as deep traps for charge
carriers. In addition, due to the presence of zinc, the partial appearance of ZnCO;
or their hydroxy derivatives on the surface, which act as an additional protective
shell, cannot be ruled out. The obtained materials are an effective alternative to
traditional materials based on QDs II-IV and can be used in light conversion
technologies.

The fifth chapter analyzes the features of the formation of multilayer films
based on AgInS» quantum dots (QDs) immobilized n
polydiallyldimethylammonium chloride (PDDA) and polyvinyl alcohol (PVA). The



use of the layer-by-layer deposition technique allows the creation of stable and
ordered films with controlled thickness and high optical properties. The influence
of film deposition parameters on the spectral characteristics and durability of
materials was researched. The mechanisms of luminescence quenching in films
and their influence on the efficiency of energy transfer in multilayer structures
were researched. It was established that the relaxation times of fast and slow
processes are reduced in QDs - PDDA films compared to colloidal solutions, which
indicates the effective transfer of charge between particles. The prospects for the
use of multilayer AgInS, films immobilized in polyvinyl alcohol are described.

The practical significance of the results

The practical significance of the results is that as a result of the dissertation,
we obtained solid-state semiconductor composites, which are modern competitive
functional materials for the manufacture of LEDs, light converters, electronic
transistors, and displays and have high luminescent properties. The materials
demonstrate stable photoluminescence in a wide temperature range, which allows
them to be used in energy conversion devices, such as solar cells and sensors. We
also obtained stable materials for aggressive environments, as BaSOas-based
composites demonstrate high resistance to acidic environments and elevated
temperatures, which ensures their use in extreme environments. And, of course, it
1s no less important that the obtained materials and developed methods can be used
to create new generations of environmentally friendly and safe composites that can
replace toxic materials based on cadmium and lead, opening up opportunities for
widespread use in medicine.

Keywords: optical properties, activation energy, nanoparticle (nanocrystals),
luminescence (photoluminescence), absorption, composites (nanocomposites),
quantum dots, films, conduction band, crystal structure, X-ray diffraction analysis

(XRD), doping, hole, semiconductors, hydrothermal method (synthesis).
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